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© Tapered, spirally wound filter cartridge and method of making same. 



© A filtration device comprises a housing having 
an elongated sump (10) for receiving a filter car- 
tridge (35). Standard filter housings are molded with 
a taper inside the sump (10) to facilitate release of 
that part from the mould and to add strength to the 
sump (10). The filter cartridge (35) includes an elon- 
gated central permeate tube (36) and a sheet of 
filtration materials (51) spirally wound on the tube 
(36) in such a manner that the outer surface of the 
cartridge (35) is provided with a taper corresponding 
to that of the sump (10). When the filter cartridge 
(35) is inserted in the sump (10) dead areas are 

r* eliminated between the outer surface of the cartridge 
(35)-and_tha -inner surface-cf the sump --{1 0}r which" 

If) avoids the necessity of a concentrate seal and elimi- 

^ nates possibl areas for bacterial growth, in addition 

©to reducing the cost of the system and simplifying 

^ its maintenance. 
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TAPERED, SPIRALLY WOUND FILTER CARTRIDGE AND METHOD OF MAKING SAME 



BACKGROUND OF THE INVENTION 

The present invention relates generally to a 
spirally wound membrane, filter element or car- m 
tridge for use in a standard cartridge filter housing 
together with a method for making such a car- 
tridge, and more particularly, to a spirally wound 
cartridge, and method for making the same, in 
which the cartridge is tapered to provide a full fit 
with respect to the filter housing and to maintain 
relatively constant feed velocity over the mem- 
brane surface despite the passage of a portion of 
the feed through the membrane into the permeate 
tube. 

Standard cartridge filter housings presently ex- 
ist for receiving a filter cartridge. These standard 
cartridge filter housings are molded with a substan- 
tial draft angle or taper inside the sump portion of 
the housing to facilitate release of that part from 
the mold and, in some cases, to add strength to 
the sump. Such a filter housing comprises an elon- 
gated tapered sump portion having a closed bot- 
tom. If the housing is intended for use with a 
crossfiow membrane filter element, it is also pro- 
vided with a concentrate valve or orifice connected 
to the bottom. The housing also includes a housing 
cap through which the feed water or solution is 
introduced into the housing for exposure to the 
filter element and a permeate outlet for removing 
permeate or filtrate from the system. 

Current technology with respect to the filter 
cartridges utilized in these cartridge housings 
ranges from standard pleated filter cartridges which 
utilize conventional "dead end" filtration technology 
and standard spirally wound membrane elements 
which utilize "cross flow" filtration technology. In 
"dead end" filtration technology there is no flow of 
feed water or solution relative to the membrane* 
other than what passes through the filter media, 
while in "cross flow" filtration technology, the feed 
water, in addition to having a portion pass through 
the filter media, continually flows across the mem- 
brane surface and exits through a concentrate out- 
let port or valve. For purposes of this application, 
the term membrane is used to describe the filter 
material or media, whether it is technically, a mem-' 
„btaoe„ or_ not ..CjDnmntion^ jmem-_ 
brane elements are generally cylindrical in shape 
and are formed by winding a relatively rectangular 
sheet of membrane material (together with appro- 
priate spacer and permeate collection materials 
also relatively rectangular in shape) in a spiral 
configuration around a centrally disposed permeate 
tube or mandrel. This generally cylindrical filter 



cartridge is then disposed within the sump portion 
of the filter housing. However, because of the ta- 
pered configuration of the sump, th top portion of 
the filter cartridge is spaced inwardly from the 

5 interior surface of the upper end of the sump. A 
brine seal or concentrate seal is then positioned 
near the top of the filter cartridge between the 
outer surface of the cartridge and the inner wall of 
the sump. Such a seal is needed to force the feed 

70 solution, which is introduced at the top of the 
sump, to pass through the cartridge element flow 
channels defined by the spacer and over the mem- 
brane, and not around the outside between the 
sump wall and the outer surface of the filter car- 

75 tridge. 

While this construction is satisfactory in some 
applications, the provision of the brine or con- 
centrate seal creates dead flow areas between the 
sump wall and the outer surface of the filter car- 
20 tridge which can be havens for bacteria and other 
contaminants. Further, the above described struc- 
ture requires the provision of such a brine or con- 
centrate seal to operate sucessfuliy in the cross 
flow mode. This adds to the cost of the overall 
25 system, adds to the maintenance of it since such 
seal must be periodically cleaned, and limits its 
potential use since one more material with potential 
chemical incompatibility with the fluid is added to 
the filtration element. Further, existing spiral wound 
30 membrane cartridges lack uniform flow velocity 
over the entire membrane surface because of the 
fact that a portion of the feed water, during its 
passage through the membrane cartridge, is re- 
moved through the permeate outlet. Thus, during 
35 the passage of feed water or solution from one end 
of the cartridge to the other, the flow rate over the 
membrane surface decreases. This results in less 
predictable filter cartridge performance and shorter 
* life of the membrane element due to the greater 
40 likelihood of cartridge plugging or blinding. 

Accordingly, there is a need in the art for an 
improved filter cartridge element for use in a stan- 
dard tapered filter housing, which cartridge over- 
comes the problems and limitations currently exist- 
45 ing in the art. 



SUMMARY OF THE INVENTION 



In contrast to the prior art, the present inven- 
tion provides an improved filter cartridge for use in 
a tapered filter housing which utilizes cross flow 
filtration technology and which also eliminates the 
need for a brine or concentration seal required in 
prior art applications. The elimination of the brine 
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or concentrate seal substantially reduces or elimi- 
nates possible areas for bacterial growth and other 
contaminants as indicated above and also reduces 
the cost of the system and improves and simplifies 
the maintenance thereof. The filter cartridge of the 
present invention also totally eliminates the dead 
areas between the outer surface of the filter car- 
tridge and the inner surface of the sump and there- 
by increases the possible filter area by more effi- 
ciently utilizing the available space in the sump. 
The improved filter cartridge of the present inven- 
tion also provides for relatively uniform feed water 
flow across the membrane surface despite the fact 
that a portion of the feed water passes through the 
membrane and exits through the permeate outlet 

More specifically, the present invention pro- 
vides a spirally wound, tapered filter cartridge 
which is larger at one end than the other and a 
method for making the same. In the preferred em- 
bodiment and method, the filter cartridge of the 
present invention is designed so that its outer side 
wall is tapered at an angle which approximates the 
taper of the sump portion of the filter housing. 
Thus, when the filter cartridge is inserted into the 
housing sump, a full fit relationship is provided 
between the outer surface of the filter cartridge and 
the inner surface of the sump. As indicated above, 
this eliminates the need for the brine or concen- 
trate seal, thereby reducing the cost of the system. 
Such a design also simplifies the maintenance of 
the system and substantially reduces the potential 
dead flow areas and sites for bacteria and other 
contaminants to collect and grow. Further, the 
amount of membrane area in such filter cartridge is 
increased over that of conventional cartridges be- 
cause of the fact that the filter cartridge of the 
present invention is designed to completely fill the 
tapered sump. 

Accordingly, it is an object of the present in- 
vention to provide an improved cartridge filter for 
use in a filter housing having a tapered sump and a 
method for making the same. 

Another object of the present invention is to 
provide an improved, spirally wound filter cartridge 
which eliminates the need for . a brine or con- 
centrate seal when used with a tapered sump and 
which also provides more uniformity of feed water 
mow over tno~« n li r e~ merfi brane eiement 

Another object of the present invention is to 
provide an improved spirally wound filter cartridge 
which is tapered along its length so that it is larger 
at its top than its bottom, thus conforming substan- 
tially to the inner walls of a tapered sump when 
inserted therein. 

Another object of the pres nt invention is to 
provide an improved method for making the spi- 
rally wound, tapered cartridge as described above. 



tion will become apparent with reference to the 
description of the drawings, the description of the 
preferred embodiment and method and the appen- 
ded claims. 

5 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a pictorial, exploded view, with 
70 portions broken away, of the filter cartridge housing 
and improved filter cartridge of the present inven- 
tion. 

Figure 2 is a cross-sectional view of the filter 
housing end cap of the system of the present 

rs invention. 

Figure 3 is a cross-sectional view of the filter 
cartridge adapter to the end cap for use with the 
improved filter cartridge of the present invention. 
Figure 4 is a cross-sectionaJ view, with a 

20 portion removed, of the filter cartridge of the 
present invention. 

Figure 5 is a bottom view of a bottom plug 
element for use with the improved filter cartridge of 
the present invention. 

25 Figure 6 is a plan view showing the center 

permeate tube or mandrel and a sheet of filtration 
materials or a filtration materials sandwich prior to 
being formed into the spirally wound, tapered con- 
figuration of the present invention. 

30 Figure 7 is a cross-sectional view of a por- 

tion of a filtration materials sandwich showing the 
membrane, the permeate carrier and the spacer 
mesh. 

Figure 8 is a graph plotting feed flow (in 
35 gallons per minute) against fluid velocity through 
the cartridge (in feet per second) for both a con- 
ventional cylindrical, spirally wound filter cartridge 
of the prior art and the tapered, spirally wound filter 
cartridge of the present invention. 

40 

DESCRIPTION OF THE PREFERRED . EMBODI- 
MENT AND METHOD 

45 Reference is first made to Figure 1 comprising 
a pictorial, exploded view of the filter system of the 

present inv ention incl uding _a_.fllter. cartridge-hous^ 

ing and a filter cartridge assembly. The filter car- 
tridge housing includes an elongated, tapered 

so sump 10 having a tapered inner wall 13 which is 
larger in diameter at its top than at its bottom, a 
bottom wall 12 and an upper connecting flange 11. 
The connecting flange 11 is integrally joined with 
the top edge of the wail 13 and is provided with a 

55 plurality of internal threads 14 for appropriate con- 
nection with an end cap 19. The bottom wall 12 
includes a centrally positioned bottom opening 15 



16. The outlet conduit 16 is provided with an ap- 
propriate concentrate valve or orifice 18 for control- 
ling the flow of concentrate through the conduit 16 
in a manner known in the art. By closing or open- 
ing the valve 18, the back pressure and flow rate 
within the sump 10 can be controlled. 

With reference to Figure 1 and Figure 2, the 
end .cap 19 is provided with a plurality of external 
threads 20 at the lower end of the cap 19. These 
external threads 20 are adapted to be received by 
the internal threads 14 of the sump 10 when the 
housing is fully assembled. 

As illustrated best in Figure 2, the end cap 19 
is provided at one end with a permeate outlet 21 
and- at its other end with a feed water or feed 
solution inlet 22. The feed water inlet 22 is in direct 
communication with the annular open area 24 
above the upper end of the filter cartridge 35 as 
will be seen in the description below. The perme- 
ate outlet 21 is in communication with the generally 
cylindrical area 29 defined by the annular wall 
portion 25. When the waii 25 is connected with the 
end cap adapter member 30, the permeate outlet 
21 is in communication with the interior of the 
permeate tube or mandrel 36. 

The end cap 19 is provided with a conventional 
pressure gauge 26 and a conduit 28 connecting the 
pressure gauge 26 to the feed inlet 22. Thus, the 
pressure gauge 26 is utilized to visually observe 
the operating pressure of the system. 

The end cap adapter 30 is illustrated best in 
Figures 1 and 3. As illustrated, the cartridge end 
cap adapter 30 includes an upper portion 32 having 
a cylindrical bore 31 adapted to slide over the 
outer surface of the cylindrical waii 25 of the end 
cap 19. A pair of O-rings 34 are disposed in 
appropriate grooves within the bore 31 for sealing 
engagement with the outer surface of the wall 25. A 
lower portion 38 of the end cap adapter 30 defines 
a permeate bore 42 and includes an outer surface 
39 which is designed to fit within the interior of the 
upper end of the permeate tube 36 (Figure 1). A 
pair of O-rings 40 are disposed in appropriate 
grooves in the outer surface 39 of the portion 38 
for seating engagement with the inner surface of 
the mandrel 36. A lower end of the portion 32 is 
provided with a shoulder 41 which, when the sys- 
tem is fully assembled, engages the top edge of 
the permeate mandrel 36. When the system is fully 
assembled, the permeate outlet 21 is joined, in 
^eaJ^j:ommunicatign ( with the interior of the per- 
meate 36. 

An end plug 44 illustrated best in Figures 1 
and 5 is adapted for insertion into the end of the 
tube 36 opposite to the end cap adapter 30. As 
illustrated, the end plug 44 includes a solid plug 
portion 45 integrally formed with a circular foot or 
base portion 48. A shoulder 50 is positioned be- 



tween the lower end of the portion 45 and the base 
48 for supporting engagement with the end of the 
tube 36. When fully assembled, the portion 45 is 
inserted into the end of the tube 36 and a pair of 
s O-rings 46, disposed in appropriate grooves in the 
outer surface of the portion 45, provide sealing 
engagement between the member 45 and the inte- 
rior surface of the mandrel 36. 

The bottom surface of the base 48 is provided 
w with a plurality of recessed portions or channels 49. 
These channels 49 allow for the concentrate to flow 
from the bottom end of the sump 10 into and 
through the outlet opening 15. In the present em- 
bodiment, the concentrate comprises that portion of 
75 the feed which has passed through the cartridge 
and across the membrane and exits through the 
end opposite the end cap. 

Reference is next made to Figures 1, 4 and 6 
illustrating various views of the tapered filter car- 
20 tridge of the present invention. Specifically, Figure 
1 shows the filter cartridge 35 in pictorial form, 
Figure 4 is a cross-Souuuuoi v.o« o. u.^ 
cartridge with a portion removed and Figure 6 i$ a 
view of the filter cartridge of the present invention 
25 prior to it being spirally wound. 

in the preferred embodiment of the present 
invention, the filter cartridge 35 is spirally wound 
. onto a center permeate tube and is tapered so that 
it is larger at its top than at its bottom. This is 
30 illustrated best in Figure 4 in which it shows the 
angle of the taper 43 to be about 1°. In the 
preferred embodiment, this angle of taper 43 is 
intended to conform substantially to the angle of 
taper of the sump 10 and inner sump wall 13 

35 (Figure 1). 

The construction of the cartridge filter 35 is 
similar to conventional spirally wound cartridge fil- 
ters in that it includes a center permeate tube or 
mandrel 36 and a plurality of layers 51 of a filtra- 
40 tion materials sandwich, but is different in that the 
assembled cartridge 35 is tapered in the aforemen- 
tioned manner. In the preferred embodiment as 
illustrated best in Figure 7, each of the spirally 
wound layers 51 of the cartridge 35 includes a pair 
45 of membrane elements 58. a permeate collection 
material 59 disposed therebetween, and a mesh 
spacer 60. all of which are well known and conven- 
tional in the art. In the preferred embodiment, the 
angle between the edges of 54 and 56 is between 
so about 60° and 75° to produce the preferred taper 
in the resulting cartridge. 

The method oT assembling or manufacturing 
the tapered cartridge 35 of the present invention is 
illustrated best in Figure 6. As shown, the permeate 
55 tube or mandrel 36 is connected with an edge of a 
sheet of a filtration materials 51 comprising simi- 
larly configured sheets of membrane 58, mesh 
spacer 60 and permeate collection material 59 as 
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shown in Figure 7. The sheet of filtration materials 
51 is defined by a tube connection edge which is 
secured to a portion of the elongated permeate 
tube or mandrel 36 in a direction generally parallel 
to its axis, a pair of side edges 54 and 55 and a 
biased or beveled edge 56. It should be noted that 
the side edge 55 is shorter than the end edge 54. 
This results in the outer edge 56 being angled or 
tapered as shown in Figure 6. It should also be 
noted that the permeate tube 36 includes a plural- 
ity of openings 52 (Figure 4) which, when the filter 
material 51 is secured to the tube 36, are posi- 
tioned between the pair of membrane sheets 58 in 
a manner known in the art. In the preferred em- 
bodiment, the angle between the edges 54 and 56 
is between about 60° and 75° to produce the 
preferred taper in the resulting cartridge. 

The edges 54, 55 and 56 of corresponding 
pairs of membrane sheets 58 are then glued or 
otherwise secured to one another, with the perme- 
ate collection material 59 disposed therebetween in 
the manner illustrated in Figure 7. When this is 
done, the sheet of filtration materials 51 is spirally 
wound around the tube or mandrel 36. When this is 
completed, it is temporarily taped until the glue 
applied to the edges has cured, at which time the. 
tape is removed. The resulting cartridge is a spi- 
rally wound cartridge having a tapered configura- 
tion as shown in Figures 1 and 4. Such a cartridge, 
when inserted into the sump 10, fits into the con- 
figuration of the interior wail 13 to substantially 
eliminate any dead space areas between the outer 
surface of the cartridge 35 and the wail 13. 
' An alternative method of making the cartridge 
is to start out with a generally rectangular sheet of 
filtration material, glue the edges 54 and 55 and 
begin winding it onto the tube 36 until a portion of 
the sheet is spirally wound onto the tube 36. Then, 
after determining, the exact size of cartridge and 
taper desired, cut the end of the sheet 51. so that 
the position and slope of the tapered edge 56 is 
exactly as desired. The edge 56 is then glued and 
the winding is completed. 

As can be seen, the extent of the taper of the 
cartridge 35, regardless of the construction method 
utilized, will be determined by the angle of the 
beveled edge 56. Similarly, the size of the top and 
bottom ~ends^"ih¥*canridge'35 will be determined 
by the length of the edges 54 and 55. 

Although it is contemplated that cartridges hav- 
ing a variety of tapers can be constructed, the 
specific taper of a particular cartridge 35 will be 
intended to conform closely with the taper of the 
interior wail 13 of the particular sump 10 with which 
it is intended to be used. In the preferred embodi- 
ment, it is contemplated that the taper of the sump 
wall is betw en about 0.3° and 5°. Thus, the 



and preferably between about 0.3° and 5° with 
range within this preferred range of 0.5°-1 °. 

It should also be noted, as described above in 
connection with the summary of the invention, that 
s the tapered cartridge 35 of the present invention 
provides for more uniformity of flow over the mem- 
brane surface during operation. In a crossflow 
mode, feed water or solution is introduced at the 
top end of the cartridge 35 as shown in Figure 1 

70 and is caused to flow through the spacer element 
60 (Figure 7) toward the lower end of the cartridge 
35. During this flow, the feed is exposed to the 
surface of the membranes 58 under pressure and a 
portion is caused to pass through the membranes 

is 58 and into the area therebetween defined by the 
permeate collection material 59 as a result of pres- 
. sure in the system. Thus, during flow of the feed 
from the top to the bottom of the cartridge 35, a 
certain portion of the feed will pass through the 

20 membrane material 58, into the center of the per- 
meate tube 36 through the openings 52 and out 
through the permeate outlet 21 i In a typical filtra- 
tion . system the amount of feed which passes 
through the membrane,, normally referred to as the 

25 recovery, is between about 8% and 20% and pref- 
erably about 15%. However, in some applications, 
the recovery can be as high as 50%-75% or more. 
For purposes of the present application, the recov- 
ery equals a fraction whose numerator is the feed 

30 rate minus the permeate rate and whose denomi- 
nator is the feed rate and which fraction is multi- 
plied by 100%. 

When a conventional cylindricaily shaped filter 
cartridge is used in a filter housing of the type 

35 illustrated in Figure 1, the membrane area and feed 
channel volume to which the feed is exposed is 
constant from the top of the cartridge to the bot- 
tom. Thus, because a portion of the feed passes 
through the membrane and out through the perme- 

40 ate tube 36 during operation, the velocity of the 
feed decreases as it flows through the cartridge. 
With the tapered cartridge of the present invention, 
however, the surface area of membrane exposed to 
the feed decreases from the top to the bottom of 

45 the cartridge 35. This will tend to maintain the 
velocity of the feed at a more uniform level from 

one end_p_f _the cartridge to -the -other- r^njte the- — 

loss of some of the feed through the permeate tube 
36. 

so Figure 8 is a graph plotting velocity of feed 
versus feed flow in gallons per minute assuming a 
permeate flow of one gallon per minute. As shown, 
for a conventional, cylindrical cartridge, difference 
in velocity is maintained between the upstream end 

55 (illustrated by reference numeral 61) and the down- 
stream end (illustrated by numeral 62) regardless 
of the feed flow through the system. On the other 



feed flows, the difference between the upstream 
velocity and the downstream velocity for a tapered 
cartridge of the present invention is nearly the 
same. In fact, as illustrated on the graph of Figure 
8. a feed flow of between 7 and 7.5 gallons per 
minute, with a permeate flow of one gallon per 
minute, will result in substantially uniform v locity 
of the feed over the entire length of the cartridge. 
This is a significant advantage of the present car- 
tridge design since the cleaning action of the feed 
velocity on the membrane surface is important to 
attaining economcial filter life, so the tapered car- 
tridge design optimizes the life of the cartridge, 
provides for a more predictable cartridge perfor- 
mance and results in a higher membrane flux. 

Although the description of the preferred em- 
bodiment and method has been quite specific, it is 
contemplated that various modifications could be 
made without deviating from the spirit of the 
present invention. Accordingly, it is intended that 
the scope of th^ present invention -be dictated by 
the appended claims /ather than by the description 
of the preferred embodiment. 



Claims 

1; A spirally wound filter cartridge (35) com- 
prising: 

an elongated, centrally disposed permeate 

tube (36), and 

a sheet of filtration materials (51) spirally 
wound around said permeate tube (36). 

said cartridge (35) having first and second 
ends and an outer surface portion joining said ends 
in which said first end is greater in diameter than 
said second end and said outer surface is tapered 
from said first end to said second end. 

2. The cartridge of claim 1, wherein said sheet 
of filtration materials (51) comprises a pair of mem- 
brane elements (58), a permeate carrier (59) dis- 
posed therebetween, and a spacer (62). 

3. The cartridge of claim 1 or 2, wherein said 
first and second ends of said cartridge (35) are 
generally circular in configuration. 

4. The cartridge of claim 3, wherein said outer 
surface is tapered between about 0.3 and 5 de- 
grees, preferably between about 0.5 and 1 de- 
grees, relative to the longitudinal axis of said per- 
meate tube (36). 

5. A filtration device comprising: 

a filter- nortriHno-hni ic|nQ-ha%yjnn_an n|<>nnatarj 



an end cap (19) connectable with said open 



top; 



sump (10) having an open top, a closed bottom 
(12) and a tapered side wail (13) extending be- 
tween said top and bottom, said top being larger 
than said bottom and said tapered side wall having 
a greater diametrical dimension at its top than at its 
bottom; 



the spirally wound, tapered filter cartridge (35) 
of any of claims 1 to 4 disposed within said sump 
s (10); 

a permeate outlet (21) in said end cap (19); 
means connecting said permeate outlet with said 
permeate tube (36); 

a feed inlet (22) in said end cap (19); and 
to means (24) for connecting said feed inlet with said 
first end of said filter cartridge (35). 

6. The filtration device of claim 5, wherein the 
taper of said tapered outlet surface of said filter 
cartridge (35) conforms substantially to the taper of 

75 said tapered side wall (13) of said sump (10). 

7. The filtration device of claim 6 wherein said 
tapered outer surface of said filter cartridge (35) is 
in substantial engagement with and adjacent to 
said tapered side wall (13) of said sump (10) 

20 throughout the entire length of said filter cartridge 
(35). 

8. The filtration device of claim 7, in which 
there is an absence of any seal member between 
said outer surface of said filter cartridge (35) and 

25 the tapered side wall (13) of said sump (10) other 
than as a result of said engagement between said 
outer surface and said side wall. 

9. The filtration device of any of claims 5 to 8, 
including a concentrate opening (15) in said bot- 

30 torn. 

10. The filtration device of claim 9. including a 
concentrate valve or orfice (18). 

11. A method of making a filter cartridge (35) 
comprising the steps of: 

35 laying up a sheet of filtration material (51) 

having a permeate tube connecting , edge, first and 
second edges (54, 55) each having a first end 
adjacent to a respective end of said permeate tube 
connecting edge and extending therefrom at sub- 

40 stantially right angles and a beveled edge (56) 
generally opposite to said permeate tube connect- 
ing edge and adjacent to a second end of each of 
said side edges, said first side edge (54) being 
longer than said second edge (55); 

45 securing said permeate tube connecting edge 

to a permeate tube (36);and 

spirally winding said filtration material (51) 
around said permeate tube (36). 

12. The method of claim 11 including forming 
so said sheet of filtration material (51) with a similarly 

configured pair of membrane material sheets (58), 

a _permeate-Garrier-$heeM59}-and^ 

(60). 

13. The method of claim 12 including gluing 
55 said pair of membrane sheets (58) together, with 

said permeate carrier (59) disposed therebetween, 
along said side edges (54, 55) and said beveled 
edge (56). 
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14. A method of making a filter cartridge (35) 
comprising the steps of: 

laying up a sheet of filtration material (51) 
having a permeate tube connecting edge, first and 
second side edges (54 t 55) each having a first end 5 
adjacent to a respective end of said permeate tube 
connecting edge and extending therefrom at sub- 
stantially right angles and an edge generally op- 
posite to said permeate tube connecting edge and 
adjacent to a second end of each of said side w 
edges (54,55); 

securing said permeate tube connection edge 
to a permeate tube (36); 

partially spirally winding said filtration material 
(51) around said permeate tube (36); ;s 

cutting said sheet of filtration material (51 ) at a 
bevel (56) relative to the longitudinal axis of said 
tube(36);and 

completing the spiral winding of said filtration 
material (51) around said permeate tube (36). so 

15. The method of any of claims 11 to 14, 
wherein the angle between said first side edge 
(54) and said beveled edge (56) us between about 
60 and 75 degrees. 

25 
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